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We, The Express Lift Company Limited 
of Greycoat Street, London, S.W.I, a British 
Company, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it 
18 be performed, to be particularly des- 
niu m aJld hy th * lowing statement : — 
The present invention relates to accelera- 
tion control systems and is applicable, for 
example, to the control of acceleration of an 
electric motor which is arranged to move a 
toad from a first position to a second position. 
The word " acceleration " is used here to 
denote both acceleration and retardation and 
is to be construed accordingly except where 
tneccaitext dearly requires otherwise. 

The invention is concerned more par- 
facularly, but not exclusively, with control 
systems for electrically operated lifts, hoists 
and the like, herein referred to as lifts. 

The efficiency of a lift depends upon its 
ability to transfer its load from one floor to 
another in the least time consistent with 
mechanical limitations inherent in the lift 
svstem and, in the case of a passenger lift, 
with the comfort of the passengers. The first 
factor is governed principally by the maxi- 
mum permissible traction force between the 
driving sheave and the lift cable, while the 
second, factor is governed principally not by 
the absolute value of the acceleration of the 
hft but by the rate of change of such accelera- 
tion. In an ideal lift system, therefore, the 
speed of the lift would be varied between 
zero and a maximum value at a ^^1^ 
rate, that is to say, the acceleration would be 
maintained at a maximum value, determined 
by the mechanical limitations of the system, 
for the greatest possible part of the acclera- 
tion time, and th e acceleration between zero 
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and this mftTimnm value would be varied at 
a constant rate. 

One object of the present invention is to 
provide an improved control system for an 
electrically operated lift, which takes these 45 
considerations into account. 

It is to be understood however that the 
invention in its broadest aspects is not 
limited to lift systems, but is applicable, for 
example, to control arrangements for machine 50 
tools. 

According to one aspect of the present 
invention, an acceleration control system 
includes means for comparing a first signal 
wnich is a function of the acceleration of a 55 
controlled member with a second signal which 
is a function of the speed of said member and 
controlling the acceleration in dependence 
upon the comparison so as to maintain a pre- 
determined relationship between the two 60 
signals and thereby to maintain the accelera- 
tion as a predetermined function of the speed 
such that any change in the acceleration is 
effected at a predetermined constant rate. 

The system may include means for modify. 65 
mg the relationship between the second signal 
and the speed of the member in dependence 
upon a predetermined speed being reached 
and may also include control means which 
are arranged to become operative, as the 70 
member approaches a predetermined position 
to control the movement of the member in 
dependence upon a comparison made between 
a signal which is a function of the speed of 
toe member and a further signal which is a 75 
lunction of the distance of the member from 
said predetermined position, so as to vary 
the speed in a predetermined manner 

According to another aspect of the present 
invention, an acceleration control system for 80 
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controlling an electric motor which, is 
arranged^ move aload from a first position 
to a second position, comprises acceleration 
responsive means for producing a first signal 
5 dependent upon the acceleration or the load, 
speed-responsive means for producing a 
second signal dependent upon the speed of 
the loadTmeans for modifying the said 
second signal to produce a pattern accBlera- 
10 tion signal which is a predetermined fanotaon 
of the speed, and means for influencing the 
torque of the motor so as to maintain a fixed 
relation between said first signal and the 
pattern acceleration signal, the arrangement 
15 being such that any change in the accelera- 
• tion of the motor is effected at a predeter- 
mined constant rate. . ' 

As applied to an electric motor driven ntt, 
said means for modifying the second signal 
-70 may be adapted to produce a pattern 
acceleration signal which, during acceleration 
of the lift to a predetermined maximum 
speed, increases initially as the square root 
of the speed from zero to a value not exceed- 
*5 ing a predetermined maximum value, and 
subsequently as the maximum speed is 
approached, decreases as the square root of 
the difference between the maximum speed 
and the actual speed from the said maximum 
30 value to zero. Means may be provided for 
modifying the pattern acceleration signal, 
during retardation of the lift, to ensure that 
the lift reaches a decking position with zero 
acceleration and at zero, or creep speed. 
35 In order that the invention may be clearly 
understood, one acceleration control system 
in accordance with the present invention, as 
applied to control of an electric motor driven 
lift, will now be described by way of example 
40 with reference to the drawings accompanying 
the Provisional Specification, in which :— 

Figure 1 is a schematic circuit diagram ol 
the control system ; 

Figures 2—5 and 7 are explanatory dia- 
45 grams which will be referred to to explain the 
operation of the control system; and 

Figures 6, 8 and 9 are detailed circuit dia- 
grams showing modifications of the circuit 
shown in Figure 1- 
50 Beferring to the drawings, and particularly 
to Figure 1, an electric lift system having a 
ending motor 1 with a field winding 2, com- 
prises essentially a Ward-Leonard generator 
3 arranged to supply the motor through a 
55 resistance 4, and a magnetic amplifier 5 
feeding the field winding 6 of the generator 
in accordance with electrical control signals 
fed to the amplifier, these control signals 
being controlled automatically in accordance 
60 with a required motor torque as described 
hereinafter. . , 

Coupled with the shaft 7 of the motor are 
a tachometer generator 8 for providing an 
electrical signal V proportional to the^peed 
65 of the motor, an accelerometer 9 for produc- 



ing an electrical signal proportional to the 
acceleration of the motor, and two potentio- 
meters 10 and 11 which are adapted to pro- 
vide electrical signals x and e* respectively 
each of which is a function of the actual 7U 
position of the lift. 

The output of the magnetio amplifier 5 is 
controlled in accordance with three input 
signals, a first signal fed from one end of the 
resistance 4 which is proportional to the 75 
armature current of the motor, a second 
signal V from the tachometer generator 8, 
and a third signal which is dependent upon 
the position of a relay operated changeover 
switch 12. The first and second control 8U 
signals are feedback signals for compensating 
for XR losses in known manner, and for in- 
creasing the speed of response of the Ward 
Leonard system respectively, ^ tiie position 
shown of the changeover switch 12, the third 85 
signal is obtained from a subtracting circuit 
13and its magnitude is equal to the difference 
between a signal "a" from the accelero- 
meter 9 and a signal obtained from a control 
circuit comprising a changeover switch 14, 9U 
a selector circuit 15, a " square-rooting 
circuit 16, a voltage reversing circuit 17 
and a farther selector circuit 18. The selector 
circuit 15 is adapted to select the smallest 
of three signals applied to it, these being a 95 
signal V from the tachometer generator 8 or 
aagnai V*, depending upon the position of 
a changeover switch 19, a signal V »— V from 
a further subtracting circuit 20 to which are 
applied a signal V from the tachometer 10O 
generator 8 and a constant signal V mt and a 
signal Y a or V* depending upon the position 
of a changeover switch 21. 

The selector circuit 18 is adapted to select 
the smaller of two signals, one being the out- 105 
put signal from the voltage reversing ^circuit 
17, and the other being obtained from a 
further control circuit comprising a dividing 
circuit 22, a squaring circuit 23, a sub- 
tractang circuit 24 and a circuit 25 for pro- liu 
ducing a signal x a in accordance with a 
signal "a" fed thereto from the accelero- 
meter 9. The output from the selector 
circuit 18 is, of course, only fed to the sub- 
tracting circuit 13 when the changeover 115 
switch 14 is in its alternative position not 

shown. . „ . , 

In the alternative position of the change- 
over switch 12, the third signal fed to the 
amplifier 5 is obtained from a subtracting 12Q 
circuit 26 which is adapted to produce an 
output equal in magnitude to the difference 
between a signal e v fed thereto from the 
potentiometer 11 and a signal V from the 
tachometer generator 8. A further signal 125 
fix>m the subtracting circuit 26 is fed to a 
relay 27 whose operation is described herein- 
after 

In'describing the operation of the control 
arrangement, reference will be made to 
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ISgures 2; 3, 4 and 6 of the drawings ; the 
operation will be described in two parts, the 
first part dealing with its operation during 
acceleration of the motor to a mATimym 
•5 speed, and the second part dealing wifch its 
operation during retardation of the motor 
from the maximum speed to zero. 

It will be appreciated that the maximum 
speed attained by the motor will be selected 
10 in accordance with the distance the lift has 
to travel between two floors, and, as has 
already been mentioned, the maximum oer- 
mitted acceleration of the motor is limited by 
mechanical considerations while considera- 
16 tion of passenger comfort sets a limit on the 
rate of change of acceleration. 

Referring to Figures 2 and 3, which show 
respectively a speed-time diagram and an 
acceleration-time diagram of the lift, the 
20 system is designed to control the change of 
acceleration at a predetermined uniform rate 
between zero and a maximum value, the 
acceleration being increased linearly from 
zero to a value not exceeding the maTrimnm 
.26 value, which will be determined by the 
required maximum speed of the lift. In 
'Figure 3, the rate of change of acceleration is 
given by the slope of the lines AB and CD, 
there being shown four graphs c^, a 2 , a z 
•30 and a A corresponding to maximum speeds 
Vmi, V ro2 ,^ Vms and V m4> and the four 
corresponding speed-time graphs are shown 
in Figure 2. 

The manner of control of the arrangement 
►35 during acceleration of the motor is based 
upon the fact that for uniform rate of change 
of acceleration, the speed is linearly de- 
pendent upon the square of the acceleration ; 
thus it can be shown that 

40 a 8 = 2rV* 

where a is the acceleration ; 

r is the predetermined value of rate 

of change of acceleration ; and 
V 1 is a quantity linearly dependent 
-45 upon the speed, 

It will be seen therefore that if V m is the 
ma ximum speed for a given wind, then the 
acceleration at any point on the part AB of 
the graph in Figure 3 can be represented by 
- 50 the equation 

a = a/2tVY 

the acceleration at any point on the part CD 
of the graph can be represented by the 
55 equation 



a = V2r(V w -V); 

and at any point on the part BC of the 
g raph t he acceleration has a constant value 
s/2rV a , where V a is the speed at point B. 
60 Thus in order to obtain an acceleration 



pattern as shown in Figure 3 it is necessary 
to obtain cont rol sig nals having values 
v^rVa, and ^2r(V m -V) respec- 
tively, which are fed to the amplifier 5 in 
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In operation of the control system, for 
acceleration of the motor 1, the initial speed 
and acceleration of the motor are zero and 
the lift is in its initial position ; the change- 
over switches 12, 14 and 19 are in the position 70 
shown in Figure 1. A small initial dis- 
turbance of the motor causes a small signal 
V to be generated by the tachometer genera- 
tor 8 and this signal V is fed via the change- 
over switch 19 to the selector circuit 15, 75 
Simultaneously with the signal V, a signal 
V from the subtracting circuit 20 and 
a signal Y a via the changeover switch 21, are 
fed to the selector circuit 15 ; initially, of 
course, the signal V is much less than either 80 
of the other signals and is therefore selected 
and passed to the circuit 16. In Figure 1 the 
output signal from the circuit 16, equal to V, 
is denoted by V 1 . The output signa l from the 
circuit 16 has a value equal to -y/SrW and 85 
this is fed via the selector switch 14 to the 
subtracting ci rcuit 13, the output of which 
has a value V2rV x - a where a is the signal 
from the accelerometer 9. Now the amplifier 
5 is adapted to influence the motor torque 90 
through the Ward-Leonard drive in such a 
manner as to reduce this error signal 
V^rV 1 - a; it will be seen therefore that 
tite acceleration under these conditions will 
be equal to the value y^rV 1 which acts as a 95 
pattern acceleration signal, and the accelera- 
tion will increase at a uniform rate. 

When the speed of the motor is such that 
the signal Vis larger than the constant signal 
V a , the latter will be selected by the selector 100 
circuit and consequently the pattern accelera- 
tion signal, and therefore the acceleration of 
th e mot or will be held at a constant value 
V2rVa- The point at which the signal V a 
becomes selected is represented by the point 105 
B in Figure 3, V a being equal to the speed of 
the motor when the maximum permissible 
acceleration is reached. At a point corre- 
sponding to the point C in Figure 3, the 
signal V«-V from the subtracting circuit 110 
20 becomes smaller than the signal V„, and 
is therefore selected in place of the latter. 
The pattern acceleratio n signal therefore has 
a value V^O^m-V) and this decreases 
linearly to zero, that condition being reached 115 
when the speed of the motor is a mfl-Yi^nm 
and the lift will move at a maximum speed 
until farther control means become operative 
to decelerate the motor. 

Deceleration of the motor is initiated when 120 
the lift reaches a predetermined position at 
which an inductor is operated to change the 
changeover switch 14 to its alternative 
position. This has the effect, because of the 
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presence of the voltage reversing circuit 17, 
of producing a pattern retardation signal 
having succe ssive values, 2ta/(V »- V), A/2rV a 
and T/2rV~, and the motor is retarded 
5 smoothly, rates of change of the retardation 
being uniform. 

Before the final stages of the retardation 
are described, however, reference will be 
made to Figures 4 and 5. Figure 4 shows 

10 graphically how the speed of the motor V 
decreases from a value V« to zero as the lift 
approaches the final decking position, the 
ordinates of the graph being the square of 
the velocity and the distance x of the lift 

15 from its final decking position. It will bo 
appreciated that using these co-ordinates the 
slope of the curve is proportional to the 
retardation. At the point A, retardation is 
initiated and the velocity decreases from a 

20 value V»to a value (V» - V ff ) at point B 
where maximum retardation is reached. 
The retardation remains constant at its 
maximum value until point C on the curve 
is reached and thereafter the retardation 

25 decreases to zero at a uniform rate, the speed 
and retardation of the lift becoming zaro as 
the lift reaches its final decking position. 

However, the curve ABCO in Figure 4 
represents an ideal condition in which no 

30 errors have arisen in the system ; clearly if 
any errors do arise it may be impossible to 
bring the retardation and the speed to zero 
simultaneously when the lift is in the required 
position. In the figure, the line BC is of 

35 constant slope, this being proportional to the 
maximum value of the acceleration reached. 

Referring to Figure 5 now, which illustrates 
graphically how the speed and retardation 
can be made to vary in such a way as to 

40 become zero at the required position, the 
curve ABF shows how the speed would vary 
if the retardation were controlled in accord- 
ance with the pattern retardation signal of 
value 2V (V»-V) and the curve ECO 

45 shows how the speed should be made to tend 
towards zero at the origin O, this curve being 
represented by the equation 

V* = kx*l*. 

In order to vary the speed of the lift so 
50 that initially its speed and position are 
represented by point A on the first curve and 
finally by the point 0 oirthe second curve, 
without varying the retardation in a non- 
uniform manner, it is necessary to introduce 
55 a transition retardation control whereby the 
movement of the lift is represented by the 
line BC, this line being tangential to the two 
curves. The slope of the line BC can be shown 
to be V^I2(x x -x a ) where V % and x x are the 
60 speed and position at any point on the line 
BC which is tangential to the curve ECO. 

Considering the value of the retardation 
given by the above expression and the value 



given by the expression y2r(V»- V) it will 
be seen then on the part AB of the curve the 65 
former is always greater than the latter; 
this fact is utilised in controlling the final 
part of the movement. The method of opera- 
tion of the arrangement shown in Figure 1 
for controlling motion of the lift in the 70 
manner described by the curve ABC in 
Figure 5 will now be described with particular 
reference to these two figures. 

At the position at which retardation is to 
be initiated, that is to say at point A on the 75 
curve, the changeover switch 14 is caused to 
move to its alternative position, say by 
operation of an inductor. At the same time, 
changeover switches 19 and 21 move to their 
alternative positions ; the signal V& has a 80 
constant value greater than V^, and thus 
it is ensured that the selector circuit 15 does 
not select any signal having a smaller value 
than V»- V during retardation. A pattern 
re tardation signal having the value So 
-v/2r(Vt» - V) is fed from the selector circuit 
18 to the subtracting circuit 13, V» being 
the value of the signal V before the lift starts 
to decelerate. The pattern retardation signal 
increases at a uniform rate until, at point B 90 
on the curve, it is no longer smaller than the 
signal fed to the selector circuit 18 from the 
dividing circuit 22 and having the value 
VxVafci From point B, the latter 

signal becomes the new pattern retardation 9o 
signal and the motion of the lift becomes that 
described by part BC of the curve. During 
this part of the motion a pattern speed signal 
e D from the displacement potentiometer 11 is 
compared with a signal V from the tacho- 100 
meter generator 8 by means of the subtract- 
ing circuit 26 ; the signal e v is a function of 
the position of the lift which is such as to 
correspond to the curve ECO in Figure 5; 
the line BC has been chosen so as to be 10<> 
tangential to both curves ECO and ABD. 

When the lift reaches the position corre- 
sponding to point C the signal e D becomes 
equal to the signal V and the difference 
signal e 0 - V becomes zero. Consequently 110 
the relay 27 is energised, and remains 
energised, and operates the changeover 
switch 12. At this point therefore the pattern 
retardation signal V x 2 - x a ) ceases to be 
effective and the motor is now controlled in no 
accordance with the-pattern speed signal er, 
the difference or error signal e v - V being fed 
to the amplifier 5. Thus the motion of the 
lift continues until the lift reaches the desired 
decking position corresponding to the origin 120 
of the curve in Figure 5, the lift reaching this 
position at zero speed and zero acceleration. 
It will be seen moreover that during the 
retardation, the retardation is either constant, 
part BCofthe curve, or changes at a constant 12o 
rate, parts AB and CO of the curve. 

In the arrangement so far described, means 
are provided for producing a pattern re- 
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tardation signal of magnitude / 8 (a^ - x a ) 
for controlling the motion of the lift along the 
part BO of the curve in Figure 5. The 
arrangement may however be considerably 
6 simplified by modifying such means so as 
to produce a signal of the form a 1 = (V ± 2 + 
ka) /2x 1 where k a is a value depending upon 
the signal a\ 

™ , Thus, referring to Figure 7, the slope of the 

10 lme AB is - (V^ + k a )/{2x 1 ) f the required 
signal, and this is a particularly convenient 
quantity to compute since the quantity 
can be represented by the displacement of a 
potentiometer. One circuit for producing 

15 suoh a signal is illustrated in Figure 8. 

Referring to Figure 8, a signal V x a is fed 
through a resistance Rj to a high gain 
amplifier 33 across the output of which is a 
potentiometer P. The tapping of the potentio- 

20 meter P, connected through the resistance 
R a to the input of the amplifier, is adapted to 
feed back a signal p, the signal p and the 
position of the tapping being a function of 
the distance of the lift from its decking 

25 position. The signal p has in &ct the value 
A further signal k a is arranged to be 
fed back to the amplifier through a resistance 
R 8 , this signal being derived from a device 
32 for producing the signal h a in dependence 

30 upon the value of an input signal a thereto. 
Since the amplifier is of high gain, the 
voltage e at the input to the amplifier will be 
very much smaller than any of the signals 
VV&«, or p. If then the resistances B, ly R 2 

35 and R 8 are of equal valne it will be seen that 

$(V*+p + k a )=e = 0 
orV* + h a = -p 
Now since p = 2 ax t 

40 which is the required output signal. The 
device 32 is adapted to produce the required 
output signal only when the input signal 
thereto is a. It may comprise non-linear 
resistances or may be adapted to produce a 

45 suitable linear approximation of the form 

ka = constant -f- (constant x a). 

An alternative method of controlling the 
motion of the lift to its final decking position 
involves the use of a pattern retardation 
50 signal during the whole of the retardation 
period. 

If the retardation be given by the ex- 
pression 

a = VVa* 

55 where a is the retardation ; 

V is the speed ; and 
x is the distance of the lift from its 
final position, 



it will be seen that the values of a, V and x 
all become zero simultaneously and the re- 60 
tardation changes at a uniform rate. 

Thus, referring to Figure 5, the motion of 
the lift may be controlled in the required 
manner by means of a pattern retardation 
signal of magnitude ^/2r(V m - V) over the 65 
part AB of the curve ; a pattern retardation 
signal of magnitude (V 2 + k a ) /2x over the 
part BO of the curve; and a pattern retardation 
signal of magnitude fV a /x over the part CO 
of the curve, each of the signals becoming 70 
smallest in magnitude, and therefore selected, 
in turn as the final position is approached. 

A circuit arrangement for producing the 
second and third of these signals is shown in 
Figure 9 and referring to this figure, the 75 
pattern retardation signal is derived from a 
dividing circuit 35 to which are fed a signal 
x in dependence upon the position of the lift 
and a signal from a selector circuit 36 which 
is adapted to select the smaller of two signals 80 
of magnitude §V* and £{V* k a ) respec- 
tively. A device 39 is adapted when fed with 
a signal of magnitude V 2 to produce the 
signal of magnitude fV B , while a further 
device 37 is adapted, when fed with a signal 85 
V 2 and a signal k a from a circuit 38 the latter 
being fed with a signal a, to produce the 
signal of magnitude {(V s -f k a ). 

Clearly, in order to apply this circuit 
arrangement to the general arrangement 90 
shown in Figure 1, the parts referenced 11, 
12, 26 and 27 would be omitted from the 
latter and the circuit shown in Figure 9 
would replace the parts referenced 22, 23, 
24 and 26, the dividing circuit 22 being re- 95 
placed by the dividing circuit 35. 

In order that the speed of the lift may be 
controlled down to a creep speed, instead of 
to rest, the arrangement illustrated in Figure 
1 may be modified in the manner shown in 100 
Figure 6, the latter figure showing a detail of 
the modified arrangement. Referring to 
Figure 6, the selector circuit 15 is arranged 
to select the smallest of three signals of mag- 
nitudes y tt , V OT - V, and V- V c respectively, 105 
where the symbols V«, V m and V have the 
meanings previously assigned to them and 
where V e is a signal whose magnitude is pro- 
portional to the desired creep speed. The 
modification comprises the provision of a 110 
further subtracting circuit 30 via which the 
signal V is fed to the selector circuit 15, and 
changeover switch 31 which in one position 
selects the signal V a to be fed to the sub- 
tracting circuit and which in the other posi- 115 
turn selects a zero signal so that the arrange- 
ment operates as if no such modification has 
been made. It will of course be appreciated 
that with this modification it will be quite 
unnecessary to provide a changeover switch 120 
such as 12, Figure 1, for selecting a pattern 
speed signal towards the end of the wind. 

Although the invention has been describe 
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-with particular reference to a lift system, 
having a driving motor whose torque is con- 
trolled by means of electrical control signals, 
it is to be understood that in its broadest 

5 aspect the invention is applicable to the 
control of any prime mover, by means of 
control signals which are not necessarily 
electrical. Thus the control signals may be 
provided, for example, by any suitable 

10 mechanical or hydraulic means. 

. WHAT WE CLAIM IB:— 

1. An acceleration control system includ- 
ing means for comparing a first signal which 
is a function of the acceleration of a con- 

15 trolled member with a second signal which 
is a fonctior of the speed of said member and 
controlling the acceleration in dependence 
upon the comparison so as to maintain a 
predetermined relationship between the two 

20 signals and thereby to maintain the accelera- 
tion as a predetermined function of the speed 
such that any change in the acceleration is 
effected at a predetermined constant rate. 

2. An acceleration control system as 
25 claimed in Claim 1, wherein means are pro- 
vided for modifying the relationship between 
the second signal and the speed of the 
member in dependence upon a predetermined 
speed being reached. 

30 - 3. An acceleration control system as 
claimed in Claim 1 or Claim 2, wherein control 
means are arranged to become operative, as 
the member approaches a predetermined 
position, to control the movement of the 

35 member in dependence upon a comparison 
made between a signal which is a function of 
the speed of the member and a further signal 
which is a function of the distance of the 
member from said predetermined position, 

40 so as to vary the speed in a predetermined 
manner. 

4. An acceleration control system tor con- 
trolling an electric motor which is arranged 
to move a load from a first position to a 
45 second position, comprising acceleration- 
responsive means for producing a first signal 
dependent upon the acceleration of the load, 
speed-responsive means for producing a 
second signal dependent upon the speed of 
50 the load, means for modifying the said 
second signal to produce a pattern accelera- 
tion signal which is a predetermined function 
of the speed, and means for influencing the 
torque of the motor so as to maintain a pre- 
55 determined relationship between the said 
first signal and the pattern acceleration signal, 
the arrangement being such that any change 
in the acceleration of the motor is effected at 
a predetermined constant rate. 
60 5. An acceleration control system as 
claimed in Claim 4, and for controlling an 
electric motor driven lift, wherein said means 
for modifying the second signal are adapted 
to produce a pattern acceleration signal 
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which, during acceleration of the lift to a pre- 65 
determined maximum speed, increases initi- 
ally as the square root of the speed from zero 
to a value not exceeding a predetermined 
maximum value, and subsequently as the 
said maximum speed is approached, de- 
creases as the square root of the difference 
between the maximum speed and the actual 
speed from said maximum value to zero. 

6. An acceleration control system as 
claimed in Claim 5, wherein means are pro- 
vided for mcKiirying the pattern acceleration 
signal, during retardation of the lift, to ensure 
that the lift reaches a decking position with 
zero acceleration and at zero, or creep, speed. 

7. An acceleration control system as 
claimed in Claim 6, wherein said means for 
influencing the torque of the motor are 
operative in dependence upon a selected one 
of two error signals, the first error signal 
representing any discrepancy between the 
actual acceleration and a pattern accelera- 
tion, and the second error signal representing 
any discrepancy between the actual speed and 
a pattern speed, there being provided switch- 
ing means normally operative to select the 
first of said error signals but operative during 
retardation of the lift, upon the discrepancy 
between the actual speed and the pattern 
speed becoming zero, to select the second of 
said error signals, means arranged to become 
operative during retardation of the lift when 
the pattern acceleration attains a value 
equal to that at which said switching means 
become operative to select the second error 
signal to maintain the pattern acceleration 
at that value until said switching means 
become operative to select the second error 
signal, and means for controlling the pattern 
speed in accordance with the position of the 
lift in such a manner as to ensure that the lift 
reaches the decking position with zero 
acceleration and at zero, or creep, speed. 

8. An acceleration control system as 
claimed in any one of Claims 4 to 7, wherein 
the motor is a direct current electric motor 
having a Ward-Leonard drive, and the 
torque influencing means comprise a magnetic 
amplifier arranged to control the field 
excitation of the Ward-Leonard generator in 
accordance with a control signal fed thereto. 115 

9. An acceleration control system as 
claimed in any one of Claims 4 to 8, wherein 
the acceleration-responsive means and the 
speed-responsive means respectively com- 
prise an accelerometer and a tachometer 120 
generator mounted on a shaft driven by the 
motor. 

10. An acceleration control system as 
claimed in any one of Claims 5 to 7, wherein 
said means for modifying the said second 125 
signal comprise a selector circuit adapted to 
select the smallest of three electrical signals 
fed thereto ; means for feeding said selector 
circuit with electrical signals respectively 
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proportional to the actual speed of the lift, 
the difference between said maximum speed 
and Hie actual speed, and a predetermined 
speed ; a circuit adapted to produce a first 
5 pattern acceleration signal proportional to 
the square root of the magnitude of the 
selected one of said three signals ; means for 
producing a second pattern acceleration 
signal of equal magnitude but opposite 

10 polarity to said first pattern acceleration 
signal; and a changeover switch operative 
to select the first or second of said pattern 
acceleration signals in dependence upon 
whether the lift is to be accelerated or 

15 retarded. . 

11. An acceleration control syBtem for 



controlling an electric motor driven lift, 
substantially as hereinbefore described with 
reference to Figures 1 to 5 of the drawings 
accompanying the Provisional Specification. 20 

12. An acceleration control system for 
controlling an electric motor driven lift, 
substantially as hereinbefore described with 
reference to Figures 1 to 5, and modified as 
described with reference to Figure 6, or 25 
Figures 7, 8 and 9 of the drawings accom- 
panying the Provisional Specification. 

For the Applicants : 
F. S. PEACHEY, 
Chartered Patent Agent. 



PROVISIONAL SPEOPICATION. 
Improvements in or relating to Acceleration Control Systems, 



We, The Express Lift Company Limit jed, 
of Greycoat Street, London, S.W.I, a British 

30 Company, do hereby declare this invention 
to be described in the following statement : — 
The present invention relates to control 
systems for controlling the acceleration (or 
retardation) of a prime mover and is applic- 

: 35 able, for example to such systems for con- 
trolling a prime mover which is adapted to 
move a load from a first position to a second 
position. The invention is concerned more 
part icularly, bnt not exclusively, with control 

40 systems for electrically operated lifts, hoists 
and the like. 

By " prime mover " is means any motive 
means, such as on electric motor, the accelera- 
tion (or retardation) of which may be con- 

45 trolled by a control signal ; if the prime 
mover be a rotating motor then the control 
signal would be used so as to influence its 
torque. 

The efficiency of a lift depends upon its 

50 ability to transfer its load from one floor to 
another in the least time consistent with 
mechanical limitations inherent in the lift 
system and, in the case of a passenger lift, 
with the comfort of the passengers. The first 

56 factor is governed principally by the maxi- 
mum permissible traction force between lie 
driving sheave and the lift cable, while the 
second factor is governed principally not by 
the absolute value of the acceleration or 

60 retardation of the lift but by the rate of 
change of such acceleration or retardation. 
In an ideal lift system, therefore, the speed 
of the lift would be varied between zero and 
a maximum value at a Tna.-g-im^ -m rate, that 

65 is to say, the acceleration or retardation 
would be maintained at a niA-rim^ni value 
determined by the mechanical limitations of 
the system, for the greatest possible part of 
the acceleration or retardation time, and the 

70 acceleration or retardation between zero and 



this maximum value would be varied at a 
constant rate. 

One object of the present invention is to 
provide an improved control system for an 
electrically operated lift, hoist or the like, 75 
which takes these considerations into account. 
A further object of the present invention is 
to provide in such a control system means for 
bringing the lift or hoist to rest, or to a 
suitable stopping speed, at a predetermined 80 
position. 

It will be appreciated that the invention is 
applicable not only to the control of lifts, 
hoists and the like, but also to the position 
control of loads, for example, in machine 85 
tools, which loads are adapted to be positioned 
by a prime mover, and a still further object 
of the present invention, therefore, is to pro- 
vide an improved control system for a prime 
mover which is adapted to move a load from 90 
a first position to a second position. 

According to one aspect of the present 
invention, in a control system for controlling 
the acceleration (or retardation) of a prime 
mover, as hereinbefore defined, means are 95 
provided for comparing a first control signal, 
which is a function of the acceleration (or 
retardation), with a second control signal, 
which is a function of the speed, and con- 
trolling the acceleration (or retardation) in 100 
dependence upon the comparison so as to 
maintain a fixed relation between the two 
signals and thereby to maintain the accelera- 
tion (or retardation) as a predetermined 
function of the speed. A 

According to another aspect of the present 
invention, in a control system for controlling 
a prime mover which is adapted to move a 
load from a first position to a second position, 
means are provided for influencing the 110 
torque of the prime mover in accordance with 
a comparison made between a first control 
signal which is a function of the acceleration 
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(or retardation) of the load and a second 
control signal which is a function of the speed 
of the load, said means being adapted to in- 
fluence the torque so as to maintain a fixed 
5 relation between the two signals and thereby 
to maintain the acceleration (or retardation) 
as a predetermined function of the speed. 

The control system may include means for 
modifying the relationship between the 

10 second control signal and the speed of the 
load in dependence upon a predetermined 
speed being reached, and may also include 
control means which are arranged to become 
operative as the load approaches the second 

15 position to control the torque influencing 
means in dependence upon a comparison 
made between a control signal which is a 
function of the speed of the load and a further 
control signal which is a function of the 

20 distance of the load from the second position 
so as to vary the speed in a predetermined 
manner* 

According to yet another aspect of the 
present invention, a control system for con- 

25 trolling an electric motor, comprises accelera- 
tion- (or retardation-) responsive means for 
producing a first control signal dependent 
upon the acceleration (or retardation) of the 
load, speed responsive means for producing 

30 a second control signal dependent upon the 
speed of the load, means for modifying the 
said second control signal to produce a 
pattern acceleration (or retardation) signal 
which is a predetermined function of the 

35 speed, and means for influencing the torque 
of the motor so as to maintain a fixed relation 
between the first control signal and the 
pattern acceleration (or retardation) signal. 
According to yet another aspect of the 

40 present invention, a control system for con- 
trolling the acceleration of a lift, hoist or the 
like arranged to be driven by a motor, com- 
prises means for influencing the torque of 
the motor in dependence upon a comparison 

45 made between first and second control signals 
corresponding respectively to the actual 
acceleration and a pattern acceleration so as 
to maintain a fixed relation between the two 
signals, and means for modifying the second 

50 control signal in accordance with the speed 
of the lift, hoist or the like in such a manner 
that the pattern acceleration varies initially 
as the square root of the speed from zero to 
a maximum value, and subsequently, as the 

55 speed of the lift, hoist or the like approaches 
a predetermined maximum speed varies as 
the square root of the difference between the 
maximum speed and the actual speed that 
has been attained so that the pattern 

60 acceleration is reduced from the said maxi- 
mum value to zero* 

According to yet another aspect of the 
present invention, a control system for con- 
trolling the retardation of a lift, hoist or the 

65 like arranged to be driven by an electric 



motor, comprises means for influencing the 
torque of the motor in dependence upon a 
selected one of two electrical signals, the 
first signal having a value which is a function 
of the magnitude of any discrepancy between 70 
the actual retardation and a pattern retarda- 
tion, and the second having a value which is 
a function of the magnitude of any dis- 
crepancy between the actual speed and a 
pattern speed, switching means normally 75 
operative to select the first of said signals but 
operative, upon the discrepancy between the 
actual speed and the pattern speed being 
reduced to zero, to select the second of said 
signals, means arranged to become operative 80 
when the retardation becomes equal to that 
at which the switching means become 
operative to select the second signal to 
maintain the pattern retardation at a constant 
value until said switching means become 85 
operative to select the second signal, and 
means for controlling the pattern speed in 
accordance with the position of the lift, hoist 
or the like whereby the latter is brought to 
rest, or to a suitable stopping speed, at a 90 
predetermined position. 

In order that the invention may be clearly 
understood, one control system in accordance 
with the present invention, as applied to an 
electric lift system, will now be described by 95 
way of example with reference to the accom- 
panying drawings in which : — 

Figure 1 is a schematic circuit diagram of 
the arrangement ; 

Figures 2 — 5 and 7 are explanatory dia- 100 
grams which will be referred to to explain the 
operation of the control arrangement ; and 
Figures 6, 8, and 9 are detailed circuit dia- 
grams showing modifications of the arrange- 
ment shown in Figure 1- 105 

Referring to the drawings, and particularly 
to Figure 1, a control system for an electric 
lift system having a winding motor 1 with a 
field winding 2, comprises essentially a Ward- 
Leonard generator 3 arranged to supply the 110 
motor through a resistance 4, and an amplifier 
5 feeding the field winding 6 of the generator 
in accordance with electrical control signals 
fed to the amplifier, those control signals 
being controlled automatically in accordance 115 
with a required motor torque as described 
hereinafter* 

Coupled with the shaft 7 of the motor are 
a tachometer generator 8 for providing a 
signal V proportional to the speed of the 120 
motor, an accelerometer 9 for producing a 
signal proportional to the acceleration of the 
motor, and two potentiometers 10 and 11 
which are adapted to provide signals x and 
e v respectively each of which is a function of 125 
the actual position of the lift* 

The output of the amplifier 6 is controlled 
in accordance with three input signals, a 
first signal fed from one end of the resistance 
4 which is proportional to the armature 130 
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current of the motor, a second signal V from 
the tachometer generator 8, and a third 
signal which is dependent upon the position 
of a relay operated changeover switch 12. 
5 In the position shown of the changeover 
switch 12, the third signal is obtained from a 
subtracting circuit 13 and its magnitude is 
equal to the difference between a signal "a" 
from the accelerometer 9 and a signal ob- 

10 tained from a control circuit comprising a 
changeover switch 14, a selector circuit 16, a 
" square-rooting 99 circuit 16, a voltage re- 
versing circuit 17 and a further selector 
circuit 18. The selector circuit 16 is adapted 

15 to select the smallest of three signals applied 
to it, these being a signal V from the tacho- 
meter generator 8 or a signal Y&, depending 
upon the position of a changeover switch 19, 
a signal V m — V from a further subtracting 

20 circuit 20 to which are applied a signal V 
from the tachometer generator 8 and a 
constant signal V m , and a signal V a or V& 
depending npon the position of a changeover 
switch 21. 

25 The selector circuit 18 is adapted to select 
the smaller of two signals, one being the 
output signal from the voltage reversing 
circuit 17, and the other being obtained from 
a farther control circuit comprising a dividing 

30 circuit 22, a squaring circuit 23, a subtracting 
circuit 24 and a circuit 25 for producing a 
signal x a in accordance with a signal a fed 
thereto from the accelerometer 9. The out- 
put from the selector circuit 18 is, of course, 

35 only fed to the subtracting circuit 13 when 
the changeover switch 14 is in its alternative 
position not shown. 

In the alternative position of the change- 
over switch 12, the third signal fed to the 

40 amplifier 5 is obtained from a subtracting 
circuit 26 which is adapted to produce an 
output equal in magnitude to the difference 
between a signal e* fed thereto from the 
potentiometer 11 and a signal V from the 

45 tachometer generator 8. A further signal 
from the subtracting circuit 26 is fed to a 
relay 27 whose operation is described 
hereinafter. 

In describing the operation of the control 
50 arrangement, reference will be made to 
Figures 2, 3, 4 and 5 of the drawings ; the 
operation will be described in two parts, the 
first part dealing with its operation during 
acceleration of the motor to a mftTtrmnTn 
55 speed, and the second part dealing with its 
operation during retardation of the motor 
from the maximum speed to zero. 

It will be appreciated that the maximum 
speed attained by the motor will be selected 
60 in accordance with the distance the lift has 
to travel between two floors, and, as has 
already been mentioned, the maximum per- 
mitted acceleration of the motor is limited by 
mechanical considerations while considera- 



tion of passenger comfort sets a limit on the 65 
rate of change of acceleration. 

Referring to Figures 2 and 3, which show 
respectively a speed-time diagram and an 
acceleration-time diagram of the lift, the 
arrangement is designed to control the change 70 
of acceleration at a uniform rate between 
zero and a maximum value, the acceleration 
being increased linearly from zero to a value 
not exceeding the •mfl.-rfm tityj value, which 
will be determined by the required maximum 75 
speed of the lift. In Figure 3, the rate of 
change of acceleration is given by the slope 
of the lines AB and CD, there being shown 
four graphs a^, a a , 03 and a A corresponding to 
maamum speeds V^, V ma , V m8 and V w «, 80 
and the four corresponding speed-time graphs 
are shown in Figure 2. 

The manner of control of the arrangement 
during acceleration of the motor is based 
upon the fact that for uniform rate of 85 
change of acceleration, or retardation, the 
speed is linearly dependent upon the square 
of the acceleration, or retardation ; thus it 
can be shown that 



a 2 = 2rV 1 



90 



where a is the acceleration or retardation ; 

r is the limiting value of rate of change 

of acceleration or deceleration ; and 
V 1 is a quantity linearly dependent 

upon the speed. 95 

It will be seen therefore that if V m is the 
maximum speed for a given wind, then the 
acceleration at any point on the part AB of 
the graph in Figure 3 can be represented 
by the equation * 100 

a — a/2tV ; 

the acceleration at any point on the part CD 
of the graph can be represented by the 
equation 



105 



and at any point on the part BC of the graph 
the acceleration has a constant value \/2rV a , 
where V a is the speed at point B. Thus in 
order to obtain an acceleration pattern as 
shown in Figure 3 it is necessa ry to obtain 110 
control signals hav ing values V2rV f y/2rY a , 
and \/2r(V m - V) respectively, which are 
fed to the amplifier 5 in succession. 

In operation of the control system, for 
acceleration of the motor 1, the initial speed 115 
and acceleration of the motor are zero and 
the lift is in its initial position ; the change- 
over switches 12, 14 and 19 are in the position 
shown in Figure 1. A small initial dis- 
turbance of the motor causes a small signal V 120 
to be generated by the tachometer generator 
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8 and this signal V is fed via the changeover 
switch to the selector circuit 15. Simul- 
taneously with the signal V, a signal Vm - V 
from the. subtracting oirouit 20 and a signal 

5 V 0 via the changeover switch 21, are fed to 
the selector circuit 16 ; initially, of course, 
the signal V is much less than either of the 
other signals and is therefore selected and 
passed to the circuit 16* In Eigure 1 the 

10 output signal from the circuit 15, equal to V, 
is denoted by V\ The output signal from the 
circuit 15, which will be described mor^ fully 
below, has a value equal to ^/2rV x and this 
is fed via the selector switch 14 to the sub- 

15 tracking oiro uit 1 3, the output of which has 
the value ^/2rV x - a where a is the signal 
from the accelerometer 9. Now the amplifier 
5 is adapted to influence the motor torque 
through the Ward-Leonard drive in such a 

20 manner as to reduce this signal y^rV 1 -a; 
it will be seen therefore that the acceleration 
under these conditions will be equal to the 
value <y/2rV 1 which acts as a pattern accelera- 
tion signal, and the acceleration will increase 

25 at a uniform rate. 

When the speed of the motor is such that 
the signal V is larger than the constant signal 
Y a , the latter will be selected by the selector 
circuit and consequently the pattern accelera- 

30 tson signal, and therefore the acceleration of 
the motor will be held at a constant value 
<y/2rV a . The point at which the signal V« 
becomes selected is represented by the point 
B in Eigure 3, V a being equal to the speed 

35 of the motor when the maximum permissible 
acceleration is reached. At a point corre- 
sponding to the point C in Eigure 3, the signal 
Vj»-V from the subtracting circuit 20 
becomes smaller than the signal V a , and is 

40 therefore selected-in place of the latter. The 
pattern acceleratio n signal therefore has a 
value V^(Vw - V) and this decreases linearly 
to zero, that condition being reached when 
the speed of the motor is a maximum and the 

45 lift will move at a maximum speed until 
further control means become operative to 
decelerate the motor. 

Deceleration of the motor is initiated when 
the lift reaches a predetermined position at 

50 which an inductor is operated to change the 
changeover switch 14 to its alternative 
position. This has the effect, because of the 
presence of the voltage reversing circuit 17, 
of producing a pattern retard ation signal 

55 having succ essive values, v 2r (V«~^)> 
^/2rVl and <y/2r7 and the motor is retarded 
smoothly, rates of change of the retardation 
• being uniform. 

Before the final stages of the retardation are 
60 described, however, reference will be made to 
Figures 4 and 5. Kgure 4 shows graphically 
how the speed of the motor V decreases from 
a value V m to zero as the lift approaches the 
final stopping position, the ordinates of the 



graph being the square of the velocity and 65 
the distance x of the lift from its final 
stopping position. It will be appreciated that 
using these co-ordinates the slope of the 
curve is proportional to the retardation. At 
the point A, retardation is initiated and the 70 
velocity decreases from a value Vaj to a 
value (V w - V«) at point B where maximum 
retardation is reached. The retardation re- 
mains constant at its maximum value until 
point C on the curve is reached and thereafter 75 
the retardation decreases to zero at a uniform 
rate, the speed and retardation of the lift 
becoming zero as the lift reaches its final 
stopping position. 

However, the curve ABCO in Figure 4 80 
represents an ideal condition in which no 
errors have arisen in the system ; dearly if 
any errors do arise it may be impossible to 
bring the retardation and the speed to zero 
simultaneously when the lift is in the required 85 
position. In the figure, the line BO is of 
constant slope, this being proportional to the 
maximuxn value of the acceleration reaohed. 

Referring to Figure 5 now, which illustrates 
graphically how the speed and deceleration 90 
can be made to vary in such a way as to 
become aero at the required position, the 
curve ABF shows how the speed would vary 
if the retardation were controlled in accord- 
ance with the patter n retardation signal of 95 
value <yf2 m (Vr -° V) and the curve ECO 
shows how the speed should be made to tend 
towards zero at the origin O, this curve 
being represented by the equation 



V 2 = fcc*/ 3 . 



100 



In order to vary the speed of the lift so 
that initially its speed and position are 
represented by point A on the first curve and 
finally by the point O on the second curve, 
without varying the retardation in a non- 105 
uniform manner, it is necessary to introduce 
a transition retardation control whereby the 
movement of the lift is represented by the 
line BC, this line being tangential to the two 
curves. The slope of the line BC can be 110 
shown to be V x s 7 8 (*i - x a ) where V x and x x 
are the speed and position at any point on the 
line BC which is tangential to the curve ECO. 

Considering the value of tbc retardation 
given by the above expres sion and the value 115 
given by the expression <y/2r{Vrt> - V) it will 
be seen then on the part AB of the curve the 
former is always greater than the latter ; 
this fact is utilised in controlling the final 
part of the motion. The method of operation 120 
of the arrangement shown in Figure 1 for 
controlling motion of the lift in the manner 
described by the curve ABC in Figure 5 will 
now be described with particular reference to 
these two figures. 125 

At the position at which retardation is to 
be initiated, that is to say at point A on the 
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curve, the changeover switch 14 is caused to 
move to its alternative position, say by opera* 
tion of an inductor. A p attern retar dation 
signal having the value y r 2r(V w - V) is fed 
from the selector circuit IS to the subtracting 
circuit 13, V™ being the value of the signal V 
before the lift starts to decelerate. The 
pattern retardation signal increases at a uni- 
form rate until, at point B on the curve, it is 
no longer smaller than the signal fed to the 
selector circuit 18 from the dividing circuit 
22 and having the value V^/afci - 
From point B, the latter signal becomes the 
new pattern retardation signal and the 
motion of the lift becomes that described by 
part BC of the curve. During this part of the 
motion a signal from the displacement 
potentiometer 11 is compared with a signal 
V from the tachometer generator 8 by means 
of the subtracting circuit 26 ; the signal e 0 
is a function of the position of the lift which is 
such as to correspond to the curve ECO in 
Figure 5 ; the line BC has been chosen so as 
to be tangential to both curves ECO and 
ABD. 

When the lift reaches the position corre- 
sponding to point C the signal becomes 
equal to the signal V and the difference 
signal ep — V becomes zero. Consequently the 
relay 27 is energised, and remains energised, 
and operates the changeover switch 12. At 
this point therefore the pattern retardation 
signal ceases to be effective 

and the motor is now controlled in accordance 
with the pattern speed signal e*, the differ- 
ence signal e, -V being fed to the amplifier 
5. Thus the motion of the lift continues until 
the lift reaches the desired stopping position 
corresponding to the origin of the curve in 
Figure 6, the lift reaching this position at zero 
speed and zero acceleration. It will be seen 
moreover that during the retardation, the 
retardation is either constant, part BC of the 
curve, or changes at a constant rate, parts 
AB and CO of the curve. 

In the arrangement so far described, means 
are provided for producing a pattern decelera- 
tion signal of magnitude VfU{x x - x a ) for 
controlling the motion of the lift along the 
part BC of the curve in Figure 5. The 
arrangement may however be considerably 
simplified by modifying such means so as 
to produce a signal of the form a 1 = ( V x 2 + 
k a ) j2x x where k* is a value depending upon 
the pattern acceleration signal a 1 . 

Thus, referring to Figure 7, the slope of the 
line AB is -(V^ 4- k a )l(2x t ), the required 
signal, and this is a paj^cu&rly convenient 
quantity to compute since the quantity x x 
can be represented by the displacement of a 
potentiometer. One circuit for producing 
such a signal is illustrated in Figure 8. 

Referring to Figure 8, a signal is fed 
through a resistance R^ to a high gain ampli- 
fier 33 across the output of which is a potentio- 



meter P. The tapping of the potentiometer P, 
connected through the resistance R a to the 
input of the amplifier, is adapted to feed 
back a signal p, the signal p and the position 
of the tapping being a function of the distance 70 
a?! of tbe lift from its stopping position. The 
signal p has in fact the value 2004. A further 
signal k a is arranged to be fed back to the 
amplifier through a resistance R 8 , this signal 
being derived from a device 32 for producing 75 
the signal k a in dependence upon the value 
of an input signal a thereto. 

Since the amplifier is of high gain, the 
voltage c at the input to the amplifier will 
be very much smaller than any of the 80 
signals V a , k a , or p. If then the resistances 
B 2 , R« and R a are of equal value it will be 
——1 that 



£(V* + p + k a ) = e-O 
or V* + k a = -p, 85 

Now since p = 2 ax lt 

V* + & a = - 2ax x 
or a = - (V 2 + k a ) 

which is the required output signal. The 
device 32 is adapted to produce the required 90 
output signal only when the input signal 
thereto is <&. It may comprise non-linear 
resistances or may be adapted to produce a 
suitable linear approximation of the form 



k a = constant + (constant x a). 



95 



An alternative method of controlling the 
motion of the lift to its final stopping position 
involves the use of a pattern retardation 
signal during the whole of the retardation 
period iqO 

If the retardation be given by the ex- 
pression 

where a is the retardation ; 

Vis the speed; and 105 
x is the distance of tbe lift from its 
final position, 

it will be seen that the values of a, V and x 
all become zero simultaneously and the re- 
tardation changes at a uniform rate. 110 

Thus, referring to Figure 5, the motion of 
the lift may be controlled in the required 
manner by means of a pattern retardation 
signal of magnitude <\/2r{V m - V) over the 
part AB of the curve ; a pattern retardation 115 
signal of magnitude (V 2 -f k a )f2x over the 
part BC of the curve ; and a pattern retarda- 
tion signal of magnitude | V a fx over the part 
CO of the curve, each of the signals becoming 
smallest in magnitude, and therefore selected, 120 
in turn as the final position is approached. 

A circuit arrangement for producing the 
second and third of these signals is shown in 
Figure 10, and referring to this figure, the 
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pattern retardation signal is derived from a 
dividing circuit 35 to which are fed a signal x 
in dependence upon the position of the lift 
and a signal from a selector circuit 36 which 
5 is adapted to select the smaller of two signals 
of magnitude §V» and HV 2 + h a ) respec- 
tively. A device 39 is adapted when fed with 
a signal of magnitude V 2 to produce the 
signal of magnitude fV 2 , while a further 

10 device 37 is adapted, when fed with a signal 
V 8 and a signal fc a from a circuit 38 the latter 
being fed with a signal a, to produce the 
signal of magnitude |(V* + k a ). 

Clearly, in order to apply this circuit 

15 arrangement to the general arrangement 
shown in Figure 1, the parts referenced 11, 
12, 26 and 27 would be omitted from the 
latter and the circuit shown in Figure 9 
would replace the parts referenced 22, 23, 

20 24, and 25, the dividing circuit 22 being re- 
placed by the dividing circuit 35. 

In order that the speed of the lift may be 
controlled down to a creep speed, instead of 
to rest, the arrangement illustrated in 

25 Eigure 1 may be modified in the manner 
shown in Eigure 6, the latter figure showing a 
detail of the modified arrangement. Referring 
to Eigure 6, the selector circuit 15 is arranged 
to select the smallest of three signals of mag- 

30 nitudesVfl, V«-V, and V-V c respectively, 
where the symbols V a , V m and V have the 



meanings previously assigned to them and 
where V c is a signal whose magnitude is pro- 
portional to the desired creep speed. The 
modification comprises the provision of a 
further subtracting circuit 30 via which the 
signal V is fed to the selector circuit 15, and 
changeover switch 31 which in one position 
selects the signal V c to be fed to the subtract- 
ing circuit and which in the other position 
selects a zero signal so that the arrangement 
operates as if no such modification had been 
made. It will of course be appreciated that 
with this modification it will be quite un- 
necessary to provide a changeover such as 12, 
Eigure 1, for selecting a pattern speed signal 
towards the end of the wind. 

Although the invention has been described 
with particular reference to a lift system 
having a driving motor whose torque is con- 
trolled by means of electrical control systems, 
it is to be understood that in its broadest 
aspect the invention is applicable to the 
control of any prime mover, as previously 
denned, by means of control signals which are 
not necessarily electrical. Thus the control 
si gnals may be provided, for example, by any 
suitable mechanical or hydraulic means. 



Eor the Appl ican ts, 
E. S. PEACHEY, 
Chartered Patent Agent. 
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